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■toftlfff'a^/coT Newton, Leibnitz CD::6(±V^6V^5Pp1S*^"*U^ly/c„ 
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wm z(M) 




mm) — - — 



m 1: mmi)^h(ommmMi(Dmtii 

za = ^'A7^m^mmm(D:2\i-'\yyw^m(DjjvA. (o.i) 
zb = m'^X7T:-(y7.^yhy(DMm^ (0.2) 
(Dr.'Di)^-^-^^t\^omM^Mmbtt.z{M) Ai^Tu© = (2,0) mmtm^ti^to) 

Zb q, €1,2, a ^^4a€4a•<y7.^y^yi(.:^|}ii^)M.y-S>'#^I)rt■tl,{b^4^°x>^>t;^^U 



r^instanton -1 , ^ ^ 

- ^e^,e,,a - + ^^^^ ^ ^^^2 _ 4^2 



, _£ (8(ei + 62)^ + 6162 - 8a^) 

£2^2 ((,^ + ,2)2 - 4a2)((2ei + €2)^ - 4a2)((ei + 2e2)2 - 4a^) ^ ^ ' 

A =7 A= ( a), c=l + 6 (0.5) 

(6162)"^ 6162 4 6162 

mm(Dmm:^.t-^imwm^(o^titt'yi)^^)js-.tix.zA ^^tf zb ^i^^'Wjmmm^jitz 
6i)^htmb.±X"Dii^'Dftmtmt-rtmbttomz.zA t zb ^:mm'^i^tmb'c-mt?> 

1.1 r,iix^mm(Dm 

ttit=.'A^(Dmmmi)^hitb£btb^Oo{z.(Dm(Dmmit.m^ifmnm isnaniE] 
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m 3: Wumu.&-^-(D-(z^y^Mm 



exp 



(1.1) 



exp 



7^ Xl(^^,J^^+l,J + cr^,j^i,j+l) 



(1.2) 



v^ii^JcU exp(2/r) /£(-tnTtgtt;i^'Sv^^(-j-e-ro T ^^aS^Pf tP"^Ui:-5o ^®ffli§(i?^©J:-5 
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z !->• e*^ • z z t-^ z + az^ 

m 5: mmmom 

Tc = (1.3) 

log(l + ^/2) ^ ' 

{(j{x)a{0)) oc l/x^/\ (1.4) 

o- ^ a^/V (1.5) 
tbX'ptll^m^^MXto ^tl^. ^(D7.^-JVm^ X ^ ax (DttXCDyfrnitm^tt. 

z^z'^ f{z) (1.6) 

z ^ z' = z + ^enz''+^ (1.7) 
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6: RI±J:©^-;:>'>^'IIM 



[^m,Cn] = (m - n)^. 



m-\-n^ 



(1.8) 



t{^o $)?>mM t §@^-rs^,7.if> Gi (-00 < i < oo) iiW)^-ti^^.—D—Dmim^ti 



A\a^) = exp 



T 



x+1 



(1.9) 
(1.10) 



{BU H = log(^S) 



(1.11) 



[Lm, Ln] = (m - n)Lm+n + ^^i^^ " ^)^r, 



(1.12) 



faU -00 < n,m < 00 c »iE®^f(o Cltl^^^'l^'^Vn^^fj-el-. ^±XmW^ K 
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1.2 \fyvui^m(DmM 

mmw^ q i)^ [q,p] = i t\.^o^mmimmtztmi^.^^^j]^h=-7y h = {p^ + q^)/2 ^m^tz 
\.\m^p^d/dq tbx/Mmw^ oyoq^ + q^ (Dmmmmmmmmtbxm^xt§,\.^ 

X'ti)^J-^mm^^^^bXOo^(OtziibiZ a = p + iq.a^ = p - iq ^J^mt^t. 

H = a''a+^ (1.13) 

tm^m^tto[a,a^ = -1 -et^^h. [H,a] = -a Xto^X^H E Ommtm \E) 

i^^$)r>tztbtb^O: H\E) = E\E)o'^^}l. 

Ha\E) = {aH - a)\E) = {E - l)a\E). (1.14) 

E\\\E)f = {E\H\E) = \\p\E)f + \\q\E)f > (1.15) 

M |vac) i)^$)^X 

a|vac) = Oo (1-16) 

i7|vac) = -|vac)o (1-17) 

ttz. mmim^m e at ^mii?>tm^m e+i (D']mi^^6:?>(DtB^tto^^x. 

|n+ ^) = (at)"|vac) (1.18) 

(irc^.;i/dj^-^ 1 Ttf.fF§-«M^^ a xm-^n^itmi^mi&^^-^jv^-'^m |vac) xto 

[Lo,Ln\^-nLn (1.19) 

Mm: A ^U^Ui:^: 

Lo|A) = A|A). L„|A) = (n > 0)o (1.20) 

|A; AT; m, . . . , n^) = L_n,L-n2 ' ' ' L-n^ |A) (1.21) 
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A + 3 



Lo = A + 2 



A + 1 



Ll,\A) L_2L_i|A) L_3|A) 



^4 



L^_,\A) L_2|A) 



is 



L_i|A) 



I A) 



-4 



-4 ) 



L. 




m 7: K^VDf^iiCD^Ja 

^\£yVU{Wi(D Verma ^nhm^^to 

N Itmi^'i'm. (grade) tPf (itl^-To 1 (DifMlt L_i|A) ®<?^-el-o dtlOy^VAfi. 



(A|LiL_i|A) = 2A(A|A) 



= cii|A;2;l,l) + C2|A;2;2) 



/4A(2A + 1) 6A 



(^1^) = (cii,C2)MAr= 



cii 



fiU M2 = 



^C2y \^ 6A 

4A(2A + 1)(4A + c/2) > {<oAf 

Tj-^cCtttifiv ^^t^i±^o 

A(A- Ai,2)(A- A2,i) > 



4A + c/2 



A^ 



C — 1 1 , ,2 



v^r^± v^25^ 



24 



(1.22) 



(1.23) 



(1.24) 



(1.25) 



(1.26) 



(1.27) 



c < 1 Xtt Ai,2. A2,i (i^tJ-t^^b. Ai,2 < A < A2,i /£t,©;g^^tt-t3-to 

iti-^l^.^xo) N (i^^LT detMAT > -e*v^hv^(■j-^^±^, cio^T^iJi^fi Kac (ijc^-cftp:^ 

detMATOc JJ (A-Ar,^)f^— (1.28) 

r,s>l; rs<N 
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c>l tly<fi m > 2 ^c£§iE®Mi(^IXoTc= 1 



m(m + 1) 



(1.29) 



m + 1 



-m 



^ym{m + 1) ^ym{m + 1) 

((m + l)r — ms)^ — 1 



(1.30) 



(1.31) 



Am{m + 1) 

hm^^to m = 2 (Dh^lt c = 0. i^^^tlS A fi A = ®<?^-t:■MS<$)U^■ti:^o i'^® m = 3 
^^{i.c= 1/2. i^^tlS A 



Al,l = 0, A2,2 = ^. = ^ 



(1.32) 



S In h1jW)-^to 7s^-)VMm {x,y) ^ a{x,y) 



a d ^ - 



1 + e (I^tlyT[i z = x + iy 



(1.33) 



Lo + Lo ® 1/8 -e-^SClttl^'J^-ro -tlii ([L32j) 1? Lq W Iq 
^im^miStt 1/16 (I^cCoTV^SClttimL^I-o 



1.3 lf^ynf^i(®iih-i/>h)|:^^ 

t6t.pt q (DjKmi:^ 

{8pf = {{p - {p))% {5qf = {{q - {q)f) (1.34) 

t^.^tti)^h. 

8pw = \\{p-{p)mfw-mm'' > [immp-{p)){q-{q)m? = \ (1.35) 
t^j:?>(DX'btz^yfm^^±^m^u^t?>WMajmm^^)i^m&^mm±n^^ 

i{p-{p)m = {q-{q)m (1.36) 
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ttmt^\^-etoX = {p + iq) ht^h.^ -hmWAW-^ a = p + iq (Dm^^m-^~$)^:^ti)^t) 

ali^) = X\i})o (1.37) 

tmmm^(Dm^'^mM:2\^-Uyh'm(D-m'^-t: |vac) = |0)o [a, at] = 1 X^$)^Z.t^ 

ae^«^|0) = Ae^"^|0) (1.38) 

T^cC^t) |A) = e^«>) xto'^m^mmtt^^^i:^^. 

(A|A) = (0|e^"e^«^|0) = e^^(0|0) (1.39) 
Verma mM(0(^(D^^hJV "C". MMM^" Ln (n > 0) i)m^i$.^i^'^t(D^^^tt: 

= Xn\^P)o (1.40) 

5tmmm^h.-t<:i^ n > 3 a„ = o t^*^u^i-offi^®/c<fo(i A2 t^'n^uTu^o 

T.A = Ai -em^-iSn^ikfM |A,A) 

Li|A,A) = A|A,A), L2|A,A)=0o (1.41) 
t^t n > 2 {roV^T L„|A,A) = li^mm^U^^tto flWi&^fl^bo-C. e^^-i|A) ^ 

To 

|A, A) = |A) + ciL_i|A) + ciiL^ JA) + C2L-2IA) + • • • (1.42) 

LiCiL_i|A) = A|A) (1.43) 

ci = A/(2A) t^tO. 

Li{cnL^_,\A) + C2L_2|A)) = AciL_i|A), L2{cnLl^\A) + C2L.2\A)) = (1.44) 

^1^' ^) = 1 + ^ + 4A((l + i)c-10A + 16A^) + • • • (^-^^^ 
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a 

r 2iogx ' 



(A,l| |A,1) 
8: a (A,A|A,A) (i. 2 log A ® Rft® Mi(^tt?J |A,1) *^'^#^#hUT#X.b*lTV^ 

|A, A) = I^Ao) + Al^Ai) + AV2) + • • • (1-46) 

i^il^iv) = iV'iv-i). i^2|^iv) = (1.47) 

(A|(Li)^|^^) = L (1.48) 

(A|(Li)^-2L2|Viv) = (1.49) 

I^at) = (M^i)ii-i'^i^--'=L_,,L_,,...L_iJA) (1.50) 

i:lXti«J;i^:ii:;i^';fo;i^U^U/co c:ti;i^b, |A, A) (7)|^^t>-r<-Ht^t:-$. 

(A, A| A, A) = 1 + A2(Mf 1)1-1 + A4(M2-1)11'11 + A*5(M3-i)iii'iii + • • • (1.51) 
h^U^-tc ■t<-t)*^-g)J:9(I e*-^o|A,A) =e*^|A,e*A) t:-1-;^^b. 

(A,A|A,A) = (A,1|A2(^°-^)|A,1) (1.52) 
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2 mi[Xj^y-tymmt-(y:^^yhy(Dmmtim 

2.1 ^"ai^Y-i^mm 

i^.m^immm [7\ "pjnmuisi^mMo^it,) Y-z^mtm-mm^mm Maxweii ®m 

Foi — Ei^ Fi2 — -Bsn -^23 — Bi^ F31 = B20 (2.1) 

d^F^, = 0. d^F.p + + dpF^, = (2.2) 

tmi-fttoUbm^-^Um<M^tltz Einstein -r^;fo*5fR]l;^'?;0i-SJgtl'g)t3it:0(I 



i^^. = 3^^. - d,A^ (2.4) 
^ + d^X (2.5) 

5 = /" d'^x^F^.F^, (2.6) 



^'^^'^-rSdhdJco-C ([2j2j) ^^^'m-C^^-To Maxwell 1jU^(Dm^'^'0tlU^tZ.6l^.^(Dm 

J [DA^]e'^ (2.7) 

\^omfxto \^xAim\m.ti^ v = diag(-i,+i,+i,+i) (D^yiiy7.^^mx(Dmt^xbtzi)K 
ixrm^(Dtzmmi)^ s = diag(+i,+i,+i,+i) ®n-^i>yH^rE§(ifs^^x.sch(iu^i-c 

J [DA^]e-'^ (2.8) 

t^j:^x.^tzMm'A7^(Dm^xti)^{i>utm^'pt<&)tto 

20t«:|H#4^®tl3a®;^$^^M®t>ho{i. TO^tm(i^§^®iii:®ffi®2o®ti. 

;tlJh^||V^;^|J*^"^'■^btC® Maxwell HrJiy-S^ti®3ai^-C:-#;*^tl|) t 
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^oZ^h^^Lfzo ^T.^olf^f^ SU(7V) ^^^h\^L^Li:Oog E SU(iV) (i^I* iV x TV 



z —w 
w z 



(2.9) 



^tL^O^^oT. = 1,2,3,4 (IMUT SU(Af) ®ij-f^i((lAo 

= a^A, - d^A^ + [^^, A,] (2.10) 

di,F^, + [A^,F^,]^0 (2.11) 
t*U^1"o -tl)0^' Yang-Mills M0)l5U^'^'to Cltl^^^Sfl^ffiti 

1 



25 



trF^.F^, (2.12) 



t.g im^Mwtmmtto 

[DAf,]e-^ (2.13) 
^T. Maxwell Jic7)#ffi*i'y-S>'^Ji ^ -C:-^^/£o/c<j;9(I. # nTJiy-S^^i^fpffi t 



X 

A^ ^ gA^g-^ + gd^g-^ (2.14) 

Fj,, ^ (2.15) 

txF^^F^^ ^ tvgF^^g-^gF^^g-^ = tx F^^F^^ (2.16) 
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E-B=0 




m 9: mMA^mm'^mii.-fy^^yhym. k 'Cy^)V'^ti6M'^m^^t^:b^ti6.^<D^ti 



lim ^(x) = 1 



(2.17) 



-C-(Z)^-V'"'^i^-e|Stj'"0<-0(7) Yang-Mills ^^^MT^Oftlti^-ML^-To -tl§. 



Yang-Mills M(0MW}l3U^ ([2lT|) A ^Z'D\^X^WlMi^W)tti)^h.i¥UB'^'to 



2.2 -r>7.^>h> 



Yang-Mills m(Dm^M^ ^t^Z-t^m^tbXOo S i)^/i\-^\^l^oi)m^i)^:k^^^xt 



(2.18) 



'^mxb^b^o.z.tiitAmmmi^^^^^^^nWi e mm b e ts^ 

m^mm a^ i)^^^hnfzmjmi)mwLbm^^oizmmmxyi^m< f^, ^ o ii^cco 
xi^6tbtto^(Dt^.k ^mmtbx 



I 



d'^xtrFu,^F^^ ^ -A I (fxtvE ■ B ^ IGtt^A; 



(2.19) 



^jv-iiti^^m^fi\i^^ii^tix\^?>t^i'fxt z.nitrxt<:i^^^btt(DX\ ^titxm 
ii^xM^tbxoo^co k immxit-(y7.^yhymM^xitm=-^'^-ymtmtntto 



13 



- tr F^^F^^ = -2 tT{E' + B') (2.20) 
= -2tr{E±Bf ±4trE ■ B (2.21) 
>±AtTE-B = ±tiFf,^Ff,^ (2.22) 

j (fxtxFi,^Fi,^> J d'^xtrF^^F^^ ^16TT^\k\. (2.23) 
B + E = 0, tU<fi F^^ + F^^ = (2.24) 

T:■*t^(^J:v^^h*^'t);*^U^1-(SSI§^#mT^v^)„ct^^HSH?XM;&li5S;tv^v^^■t„ fc 

FfiiyFfii^ — d^e^i^piytv^Ai^Fpa- — —A,yApAcr)t> (2.25) 
- j d^x tr F^^F^^ = dn^cp^pa tr{-A^Fp^ + ^A^ApA^) (2.26) 

= J /" ^^n^e^,p,(5-i9,5)(5-i9p5)(5-'9,5). (2-27) 
SU(2) - 53 g 

5 : 53 ^ 53 (2.28) 

= IGn'^ko (2.29) 
jx^^MMl3n^(D§,\^tZ.6lt.t-f.^n^mfc^it^W}m^ Yang-MUls M^^^Wz 

d^F^, + [A^, F^,] = -d^F^, - [A^, F^,] (2.30) 
-^'ti^^.^mi^ F^^ (D^m^i'^At^t^mm^'^UlZ^j:^:iti^^^i)^i)tto ^/c, Yang-Mills 
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2.2.1 i-^y^-^yhyM 

k = 1 (Dm^^M.tb^Oo^tnt-mi^ 

A,{x) = ^^-^^ ~ ""'^ (2.31) 

i:v^•5ff^$u-cv^Sh^^bt^-cv^^1-, ii-(y7.^yhy(Df^jh.p i^^y^^^yh 

Hoi = [Ho2,Hos]^ Hq2 = [-ffo3,-ffol]^ -ffos = [-f^oi, -f^02] (2.32) 

so(3) (D^mm{^'^^fzt^^^hi)^t)i)^^)^to^h\z.^ -^yTs^yvyw^m^wt^h 

fc = 2tr//o3^ (2.33) 
Hoi = ^icTi © On-2 (2.34) 

-tj). -(j:) 

■C\ Z-tllt 2x2 ^iJtJ'1-*^b.Ojv-2 fi(iV - 2) X (iV - 2) ^iJtJ'^THf'D^t^tUT. 

V-t'Dmii^'e^^t.m^^Ji SU(7V) tT^lJ 5 ^SSJot 

Hoi = g~\\icyi ® Oiv-2)5 (2.36) 

}ibx%'^mmi^mt.-^og » (/iid2x2)®5(jv-2)x(iv-2) iiv^e-ff^otT^ij/cii^diuu^i-^-e. 

- 1 - (AT - 2)2 = 4Ar - 5 (2.37) 

^■th.M\ 4.N ^^i$.h^^hii'^t)ii^^)^Ltzo ^fih(D^^M(0^h^-(y7.^yhy(D=tVa. 

#(I AT = 2 (Dm^lt. 4 • 2 - 5 = 3 S Sj^fi SU(2) ^iJ 5 tJ-^^T i fij^-^® =fc©-t:-1-o 
Z.(D^^mt. SU(2) ~ 53 /£(j-$)U^1-o/c;^£U. 



-1 
-1 



(2.38) 



©ti^ti^JiUTL^oT //^^ SU(2)/{±1} ~ 53/^2 

/ctt-c-l-o |gi^^LT.su(2) (Z)i-i'y;^^yhy»®^s^3-5-f®^rHl M2,i fi 

Al2,i ~ M*^ X M+ X 53/^2 >i M'^/Z2 (2.39) 
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10: l-i'>7.^yhyft?(Z)M^, 







2.2.2 #s-fyxi$?yhy® 



A„ = < + A'' + /JN^ ^cCWiEc 



(2.40) 



^®ISii-e{i.2-i'y7.^>h>ft?(i{i 8A^ Ay^^i)^$)?):iti^^^i^-'^)tto^yx^yhyi^^r.'D 
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y-(^m^ MN,k tm<t.=^iy3-y-i^m(D9\-(Di3xuf^f^x^ 

MN,k - {MN,i)''/Sk 
h^oTl^S.1-^t)*5 l-iy7.^yhy(D=e-y^y-i(Dn]£—i)^ k fi$)oT^tL^f 

MN,k §:i=f*S^f^*$T1":&y£t> Atiyah-Drinfeld-Hitchin-Manin [9] \:iX'DX7f^iSflX\^^ 
Hoi X^^htlX\^^tbtz,Hoi = Hoi + iHo2 X i)^hU7TlX^tti^^.^ii¥ 



(2.41) 

m Sk xm 



X^ = Ottr = 1 i)^'^^mXto ^^X\ p(D^ e6S^ X iZ^SbXb^^lt. tr \X\^lzmt^^ 

mmttz.ti)^x^tto^z.x\x^ = iztamBbtbxoot^t.x (Dmmt i ^j:(dx\ 



X] 



(2.42) 



hJ 



1, 



AiB' = (2.43) 
^^^UT.^btlSi^^cC c G C (i>rtUT (^i,Si) ^ (cAi,c-iBi) tbXt X i)^^t)h^d:\^^(DX\ 

AiA" - B^Bj = (2.44) 

tbX^i^Xc e R (D^iiimmntz.tizbtb^Oo^bt\^^i^. ^^^i^® SSS xo e § 

{z,w) e C2 t#<t-tSh.|gM l--f>7s^yhy|?{i {z,w,Ai,B') X ( [2l3l ). (|2l4j) &fcU 

(^i,B^)^(e^^^i,e-^''S^) (2.45) 
tV^-5fpffl{I^^U-C|p|— |^§U;^ct®. t*<S;i^''e$^1". Atiyah-Drinfeld-Hitchin-Manin 

^ttt. i,...,k ^^^mt a, b ^imMb. ±m(D z, w, a, b izm'j^^}ki]abx bI 

tbtto^obX.^A3^ (DilhmtbX 



A'^Bi + [z,w]t^O. 



A'}Al-BlB'^ + [z,z^]t + [w,w^]t = 



(2.46) 
(2.47) 



^f^L. ( |2l5l ) ©S^StUT. 

(^f,St^,u;) ^ (56"4,b:(5-1)?,5Z5-\5u;5-') (2.48) 

Pi<®i:\ig/s 4A^fc fiiss;i^'$)§c:t(i*u^-ro i-^y7.^yhym^ k mtr>x^tzm^t. 

^Mf^i^M^niti^\^^xti^K[z,w] (D5ZMJ-(D$)tM^h-(y7.^yhym(Dms.i'pmi)^tiix< 
^mxto 
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k coBBfe 



2.3 -(yT^^yvycDm^ti^ 

(DH'ti^^h. -I^CDSBiu Af, ^ 

A^ = ° + (2.49) 

.2 7 



+ y d4x(5^^®nf':^5^i) + (ifti'^Jl) (2.50) 

Z^J [DA,]e-^ ^Y.j / [SA,]e-'^^- (2.51) 

k 

t^c£U^1-o-®Mr?i*fiJfflUTM^ Yang-Mills JIt^^fi^<j;9h(il;(to(i;*^X«o/c®*i' 't 

^instanton ^ /" [I^^D] = J] / dvoK (2.52) 

JMN,k 

faU dvol yWjv,fe i^*#;^ff^5^'el"o g = exp(-87r/(?2) 



/OO /'OO 
/ dxdy = OO (2.53) 
-OO J —OO 
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n 13: J = x2 + y2 im^m(omim<o 

/CO POO -| 
/ +y''^dxdy = -o (2.54) 

-CO J —DO ^ 

z.ni^i^o^xt^xm'pouM-^^tz^o^mi^xt^^.to-^z.bMmHi^^ 
^tt. {x, y) itrn'^cDmpf^hh^btziiK jf^7vym^mxfixti^^(Dmm'^(Dm.m}im^oz.h 

{x,y}p.B = lc (2.55) 

^•51-§h. J = (x2 + y2)/2 t#<t. 

{iJ, a;}p.B. = y^ {iJ, y}p.B. = -a; (2.56) 

-e-r^o^b, J (x,y) ^m(Dm%io^^^)VY=-ryx-^u{^^^oX-^i)^h.±M(D z, i*. 

/OO /"CX) 
/ e-'^^'^dxdy (2.57) 
-OO J —OO 

^^^tto ^mitz.(Di3mx-^^m^zAntbxoo 
^yT^^yhy^^m^mbt-^t.^im^i^m^Ai^x xi,x2,x3,x4 t$)i)t-^i^^h.t^7yy 

{xi,a;2}p.B. = l^ {a;3,a;4}p.B. = 1 (2.58) 

^mi^^y^^yhyo'ez/^y^^m Mnm (^t>i@^rHi®i«3a*^'Asc:t;i^'^bti-cv^^-ro 
vw7v,fc ®-;#^^^u^Uj;9c-t§^.t>to A^{x) h\^o-(y7.^yvytiWm.m'^tij^h. 

■t^^b.M^ 7Wiv,fc f^id^^l-c ^Z.X\M.'^ (D (xi,X2) ¥M^0-t0fe*^" TWiv,^ 
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(iaitSH--tfp^^#x.. ^t^®/^5;l/h-7>& Ji, m4 ® (X3,X4) &[H]1-0fe(Im■t§^^^;^ 



e 



(2.59) 



-IS® SU(iV) -I:ii.)Ct^tT^iJ®y-S>'^ii diag(ai,...,ajv) (I)Ct UT. /n^;H^-7> 



■to 

r4 X rV^2 /£tv^v^^L;^c,t>t-3(fe(7) m4 [i^>7.^yh>(7)45>i:N (xi,x2,x3,x4) ^^^y^^b 

^-v'"[l]fEM(I {z,w) }0^'SU(2) ®-f':^7nSia'e-r/i^b 



(xi + ix2,X3 + ix4,z,w) ^ (e*'i(^i + ^2;2),e*'2(x3 + ix4),e*('i+'2)/2^^gi(£i+£2)/2y^) (^2.62) 

i:{'^fflU^-ro^^T:\(2,u') ^©f1^ffi{ij#^(7)@fE/i^' if^^ §M-tf§::t/i^b.5^ (|236j) 

ei Ji + €2^2 + aiC = ^(xf + xi) + ^(xi + x|) 




(2.61) 



+ 



(ei + 62)/2 + a 
2 



(ei + 62)/2-a 
2 



(2.63) 



^2,1 = x 



111 1 1 



(2.64) 



2 ei 62 (ei + £2)72 + a (ei + e2)/2 - a 
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■tCU/£(t^®Ht^M^® W^UTfc^^U j;-5c l/(eie2) (i0#^®||®^$^-t:-t*^b. 



t^Ji^^li-^st.tztzb \a\ > |ei,2| tb^btzo 

2.4 m6^(Dmm^t 

$T.SU(2) (Dm^(D Z'^'^tanton ^ff^i-§(i(i^ -©fi^t:- A^2,2, M2,3, . . . ±®»ij-^tt^-C- 

-f < ^ < f, < V < 27r tU-c.MS*& cosedOdi^ tbt-^oUlMl5\^mi(D/^^JVh 

Z ^ j j e-^^'" cosOdOd^ (2.66) 

-J/(e=7r/2) H{e=-n/2) 

= (2.67) 



Duistermaat-Heckman ^tl*^— IStl^U/cO. tl^9t®-C:\M 2n<'^7t:®rf b 

Z = / = (2.69) 

-r^O^b.R^n § 10(7) ^2 \zt^\-jx^tl^tl(DMi)^^& Oi^p (i = 1, . . . ,n)-C-@fEL'CV^§. tV^d 

t9t>t0^^lJ^M^Uj;-5c M = M4 tUT.(xi,X2) ^ftM €1 t3\(x3,X4) ^ftM €2 "C' 
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u=v=0 



1 



/OO /"CX) /»CX) /»CX) 
/ / / ' 
-00 —00 ^ —00 —00 



-27rJ i4 



eie2 



(2.71) 



D-7^y7°tV^9SfP^U^1-c^-f.(z,u;) G C2 ~ M4 ^J^gt UT. (z, w) ^ -{z,w) Z2 



^::T:\^^;^ctc:6(i 5^ ^^U3i^-e)f b)0^(iL^-r(gji4l)o 5^ ©ffi-Cii^ilrS^dti 

(n,^;') fau w = 52 ®weM0fs^(^ii (n',u) fau n't; = t }0^'Sv^im(I^o-cv^^-ro 

z ®[l|fE:^)0^' (ei + 62)72 + a, ti- ©@fE:^)0^' (ei + e2)/2 - a 'Q\yfz.i:i^h. 



(ei + €2) + 2a, -2a 
2a, (ei + €2) - 2a 

t>£cU^1"o •€--'C\ Duistermaat-Heckman ®^5^§O}0^-5 



-27r_H' 



dvol 



+ 



((ei + €2) + 2a)(-2a) (2a)((ei + ei) - 2a) 



(2.72) 
(2.73) 

(2.74) 



1 



+ 



((ei + €2) + 2a)(-2a) (2a)((ei + €2) - 2a) 
2 

((ei + £2) + 2a)((ei + £2) - 2a) 

1 1 

2((ei+e2)/2 + a)((ei + e2)/2-a) 



(2.75) 
(2.76) 
(2.77) 
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" ^ ((€1 + €2) + 2a)(-2a) + ^ (2a)((ei + €2) - 2a) ^^"^^^ 
2.5 #fi-r>^^>bVtt-^ 

v^tc:6ii.|rjffi-c-|§^U/c ADHM lijttffi<^^:fo-ttSt.-IS© A^, k izMbxm&iUm^ 

■5oSU(2) i-i'y7.^yh>(Z)ii^.yn-7^y:/(i nu^t^ ©^oTv^-stci^d 5^ ^tm^A^t 
L/co ::ti{i. ADHM lijt-c-v^dt, 'J^-^Xi^^itUlt 

AiBi+A2B2 = 0. 5] |Ai|2-|5^|2 = (2.79) 

i=l,2 

X iAi,Bi) ^ {e^^Ai,e-'^Bi) tV^9ll]-M^UTV^/ct®^. 

AiBi + ^2^2 = 0. ^ \Ai\^ - |Bf = r2 (2.80) 

i=l,2 

tm^^z-t^m^dibttoBi = tt^K 

|Al|2 + |yl2|2 = r2 (2.81) 

(^1, A2) = (r, 0). (Ai, A2) = (0, r) (2.82) 

{Ai,A2) = ir,0)^ie'\0) (2.83) 
(^1,^2) =^e*''(^i,^2) tm-Ut^(DXbtzi)^h. 

~(r,0) (2.84) 
t^cCoT.e^^ (Dmmxm/^-^tlX\.-^^ZtlZ&)ttoiAi,A2) = (0,r) ®*i^tNilt:-t4ao U;*^ 

(^i,^2)^(e'Mi,e-^M2) (2.85) 

(D {xi,x2) ^mt {x3,x4)^m(DMm^if(D^oiz mix-mnx^^ii^}i\^oz.hx-t o 
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m 15: ^y^'m Y ©II s (IM1"§JKS AY{s).^MLY{s)M(Dm^li- Ay{s) = 2, Ly(s) = 3 

V''0fEfcJ;CP\R4 (7) (xi,X2) (a;3,a;4)¥M®lHlfE;0^"^"®J;9(C U(fc) 

-e^ft^oTV^^I", SU(A^) ^--^'HfE^ diag(ai, . . . ,aiv) '^\^^ (Omi^ ei,2 -e-TSd^d-rS 

m^i^i^'ry^'mo n mm. yi,...,yn -c-. momi^^^m k j;9^=fc®-e-^^;H^tt 

ai + jei + ke2 (2.86) 
fMU < j < (YiCOmcom), 0<k< {YiCO j ^iJgcDfg^) tmtto 



{Yi,...,Yn) ±(D^b±{fizW)^to7^(DMN,k ^r^O^m'^lt.j^^O e-^ ©H^^'^T 1 (I 

Zjv,fc = /" e-2'^(^i-^i+'^2J2+a,i^,)^^ol ^ ^ -Q J_ (•2.87) 

p={Yi,...,Yn) i 

tw)tto^mMj^.'(^-(on&(Dtm 9i,p ^mnt^t. 

N 

ZN,k= n Yl {- Ly, {s)ei + (Ay^is) + l)e2 + aj -Gi)-^ 

Yi,...,YNid=lseY, 

X n ii^yM + 1)^1 - AY,{s)e2 + - ai)-^ (2.88) 

hl^9M#:6^^5^t:-#X.bt^^■tc Ub.J2ai = 0tb. Yi,...,Yn If CD W^tt 



fc ffl-C:-^S<j;-5(iU^1-cAr(s).Ly(s) fii^v^'H r ®|f s (omM.&Mtmt)n.m^(0^o 

■etl^5lfIUT^T</£$l\ iV = 2 (ai,a2) = (a, -a) t1-§Ct(lU^-to fc = 1 ^1" 



^t.{Yi,Y2) = (0,0) = (o,D)'c-ro ^j^^om^^^^mff^^j^^^&m-^^t. 

= 2 t-rst.(yi,y2) (m,o), (B,o), (□,□), (o,m), (o,B) ®£®'J*'J^-ro#J^«' 
(m,o) 

[-4€?e2(€i - €2)a(2a + ei)(2a + ei + e2)(2a + 2€i + €2)] (2.89) 

^ (8(ei + €2)' + eie2-8a2) 

efei((ei + 62)2 -4a2)((2ei + 62)2 -4a2)((ei + 262)2 -4a2) ^ 
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a| » ei2 tL;^ctU^1".1"Si:. (l2:90l) fC^-S Z22 t> (|2J8l)2 -e'-^Abtl-S Z2 i^t^tl^'tl 



Z2:. 



■^2,1^ 



20a2 + 7ef + 16eie2 + 7e| 



eie2((ei + £2)2 - 4a2)((2ei + 63)2 - 4a^){{ei + 2e2)2 - 4a2) 



(2.91) 



i:^ci:oT. (ei€2)-^ ©UMI^U. (€ie2)-^ (Dm^bi)^$)^)t^/v,znit.m'^(0^j^Mmi^ 
mj^.tbx.^z.izr.'D(D-(y7.^yhyi)^}&'D\^x^fzt^iz^z.6'^^i)^$)6.t\^oz.tizfj:^ 



T-instanton 
^ei,e2;a 



= 1 + gZ2,l + g^Z2,2 + 



(2.92) 



tbttt. (omi^^yTsTyvyii^ k mm^-ti^^h {eie2)-^ (om^i)W)^-ti)^.nw.^h'D 



i._ /T-instanton 



q 1 



+ 



6162 2 ((ei + 62)/2 + a)((6i + 62)72 - a) 
g2 20a2 + Tej + 16eie2 + Te^ 

€i€2 ((ei + £2)2 - 4a2)((2ei + €2)2 - 4a2)((€i + 2e2)2 - 4a^) 



+ ... 



€162 a2 €i€2 16a^ 



+ 



(2.93) 
(2.94) 
(2.95) 



'iy7.^yhyi)mui'?mt?>(Dit^m'^j^i^fs\^xx$)?>. tv^■5li^§^J£;l-cv^§^(■j-e 



1". (12:951) "^'f* l«l >ei2 tV^-5SPS$tU^U/c, 



3 

3.1 MfS^^ 

mmmmX.itm \A) ^O^bM^tlS Verma ^3Eg$#^-C.^®45l:-=Ill-l->M:^*J 



Li|A,A) = A|A,A). L2|A,A) = 



(A, A|A, A) = (A, 1|A2(^o-^)|A, i) = i + _ + 



A4(c + 8A) 



2A 4A((1 + A)c-10A + 16A2) 



+ 



(3.1) 



(3.2) 
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^-instanton 



J Mo h 



^^^tbfzjS.b N = 2(D SU(2) (Dm-^^^^tto^n^M^-oXtrnt^t. 



(3.3) 



1 



€162 (ei + €2)' - 
+ 



(8(€l+€2)' + €l€2-8a2 



e?ei ((ei + £2)' - 4a2)((2ei + €2)^ - 4a^){{ei + 2^2^ - 4a2 



+ 



(3.4) 



1 ,(ei + €2)2 



(€l€2)^ 



A 



ei€2 



-(- 



— a 



1 + 6 



(ei + g2) 

€l€2 



(3.5) 



(3.6) 



::^-e(i»i;(fe(7)HJl$f5o-C30(7)'^f($Mf^#(-t;^c/£(-j-(Z)J;-5{iM^S 



§t 3--fV:^^yhV®$)/cU;*^b^^M#IJ(I^c£U^1-®T:\7°D^'"5A^#V^/cS9*^'V^V^T:-Lj; 
•5cMathematica tJ-^gU/ct®;^^" 7V7°U Vh^— y''® ancillary files CD hC6(lBV^T^U^ 

M (A,A|A,A) (in}':^^®#3»bmT*/ct®T:-toM ^l^f^t"*"" (i0}':^7n®#3»bm 

\V^H^m%mk}^\^0-%m^^^-t\'i~^X^Jz.}L7J,t.C^lV flU r C SU(2) hl^9^rHl±-t:- 
©^y7^yhy®^S>'3-5-l'^rHl^#X.§h.r Kac-Moody f^i(®^Ja;^^"$)bt)tl§hV^9 

^cCoTi^T. SSfsr^MJitra;*^b®iiE0j!*^"^6^6|g^^4a|)hv^9Dt-C:-1-[25jo CtLb^O®^ 

?£(i.l(l6]-C:-WX.«\i(^®^(lg^oT^#^JI»UJ;9.hV^9t®-t:--t„ U^^UJicD^P^ti 
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^mm 6^71: N=(2,o) mik 



i^^ i^^juoyM. 4^7n(7)M 
(^^) (A,A|A,A> ^ ^^^2^?°'' 



n 16: r.'^X7\i(Dmtm'A7\i(Dmt(Dm^ 



3.2 ^-fSiJ^Ti:^ 

M^i,^2,x^,x,,z,w) = e-(ei(-?+-i)+e.(-i+-I)+(^+«)kP+(^-«)l-P) (3.9) 

= ^9'/ iV'fcWl't^vol (3.10) 

G n{M2,k) (3.11) 

!</>) = |</>o) ® ® • • • e 1«(>J2,o) ® W(A^2,i) ® • • • (3.13) 
i;v^■9^^^;l/§#x../^^;^^-7>' F § n{M2,k) "C-HM ?:to<j;^*M^?/£i:-rst. 

(A,l|A2^°-^|A,l) = (0|g^|,^) (3.14) 
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|A, 1) = IV'o) © iV'i) ® IV'2) © • • • G V^) © 14 © V"2 © • • • (3.15) 
Vk C ^(A^2,fc) (3.16) 



m = m (3.17) 

{xi,X2,X3,X4,t) eR^o fPfflti 

^ txF^^F^^dtdt^x (3.18) 



/ 



/ 



255d 

-e-To 5:}':^7u®@a{i^t>to ^^(xi,x2,x3,x4,t) $t6h.#0#M t J:®@afi 

^^(xi; t) = ^^(xi, X2, X3, X4, t) (3.19) 

;*^'jE^oTi^i)t.iiix.^1-„0$j!j t = h -d'CD A^{xi;ti)-(y7.^yhyB.^ k tt^t.-(y7.^yh 
yi(Mi(i:-t*^b.ffi®i^o®0$j!j t = t2 '^'t-fyT.^yhymt k izwjtto mj-tim^t 

1 Stt^A; 

— tr F^^F^^d^x ^ (3.20) 

-e-^i^^h.mm t izm^bx si{t) «^u^u/c: 

Si{t) : Mi ^ Xjv,fco (3.21) 

X-ti)^h. Ef'^7u®y-i^Mt:\ •I'VT^^yhycD^ ^:^a- 
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m 17: ^'^x^y-i^mmtjx^^MMm(^mt 



I 



2 2 ° 

9aa 95d 



(3.22) 



(3.23) 



-m^. ^(D<i:o^6:ny^'^^hit^t?>t Kaluza-Klein ii^t\^^ot(Di)^Mtltto^'A7t(Dm 

mzmm(D^j:^^'m^i)^$)'Dtztbtb^o.t^t.^^-^jv^-tmm&it 



(3.24) 



^mtzbtt.tztzb pit m3 ^^©^»]S-e\p5 itm^ij\^(Dmmmtbtt 0^^131^^ l 

2 

(3.25) 



27r/c 



-Li? 



(3.26) 



3.3 -^hlZ/KUXjH^ 

^6:<. m:kmtm su(iv) f-^ymmtmn6t(D^nv). m^m^x^j^cDm^^m^U'^tcD 
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(A,l| 



\AA) 



m 18: ^'A7nY-i^mm^hm'A7uy-i^Mm^'D<6o^: m 



Nekrasov (D ei,2 ^Mt^^^oto^M^^t. mmm^n^(Dmr>x^fzmiti'¥'mMt-m-^ 
to ■^x.znitmizm^mmm(Dii}:i-]yyHm |a,i) t-mt?>(oxti^Kitmit^^t 



L 



^ ~ log g 

aid 



(3.27) 



@g®Rftc7) logA i5\k\tn-n-t^^xto 's:{'K7h(Dmm(D^i5mtt^x so(5) m^x 
mmxt: 



(3.28) 



tm 



(3.29) 



(3.30) 



LTS^ 27rfc/i? (D Kaluza-Klein %t^i)^X^lttXti)^MM^.^''i'K^MtU^\t^y7.TyVy 

^(Dm^it 87r2fc/55d xLfz^xti^-^h. m'K7tMm(D-(y7.^yvy%t^\t. mti\ 



30 



'AlTlim^O) Kaluza-Klein 14^1:-^ 



R=^ (3.31) 



= (A,A|A,A) (3.32) 



( [3:231 ) hNiKlUT. 

ocR (3.33) 



^hAjt (|33i]) $m-rJ:9^=C/N7^7uJIMi*.a^©^^-eiirAf'^7n AT = (2,0) atij 

Fjjiup — Fjj^iyp fML/ Fjj^iyp = ~^^ph>pa(3^Fa[3^ (3.34) 

ED #^#{i®-t)o 

/TNPt^tiT 1997 [29J )0^"iii;(fe(cfgMu^u/co dtiti 1995 m^hmm-^ti^ibfz\ mw. 

m\t M M'C-*Sji:v^e'«®-ii-e-ro ^^^.Type iiA ®KMiiio?^7c©M^=c©-e-r 
/i^\Sm©|g^SiS(§A$<1-§i:.DO-yu->tv^9l4^}0^"S<^=cU,Rjl§^JtU-Ciir^7U 
®aM(i*o-cu^v^^-ro Type IIA m--fv-yh\^^omX^\zt}^i)^'Dtz.mWi^^h 
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(Dm tz\^ ^6'A7x:S\J iN)m Af = (2,0) Jlf^TJ-t^ 

z.6jm^m^imt'D(Di5m-^'ii- (A,A|A,A) ^.tov-t-Doism-^u ^^^^4^^*°"^ ^^^^^^t 

3.4 

(A,A|A,A) = (3.35) 

^■r.^®^5^-c:-{i:fc3a(i-i'^^®K5yDf-^i(®iiii-^yM:^?J*^"^U. ^auii su(2) 

®-l'y7>^yhy®ij^@B^i(;*^"^U^1-o SU(2) m^miZ SU(iV) 

^a^Ht^1-§-^tiffi#T:\^5^{iB3E(i (|2^88j) (i»$^U/co :fcja(i^ Jrv^tJ-U J; 

;^Co(wf^i5((iov^-c{i.ni'rL-|3ij ri(JitiJi2004j©K*5fe^®li«» |32j m^^Mo) 
Wn iWL(on\i~-vyvi-m(DJ)VK = sv{N)^y7.TyVy(0Ml?MWi. (3.36) 



[Ln, Lm] = (n - m)Ln+m + '^^^^ ~ n)^n-m^ (3.37) 

[L„, W^] = (2n - m)W„+^. (3.38) 



1 
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c(22 + 5c) ,2 ,w 2 



[W^n, VFm] = 7^ 3 _^, ' n{n' - l){n' - A)5n,-m + 16(n - m)A, 



,^ , /(n + m + 2)(n + m + 3) (n + 2)(m + 2),^ 
+ (22 + 5c)(n - m) ( ^ ^ ^ - ^ ^ ] L^+m 



(3.39) 



^ ^ 2 

+ ^ L„_^L„- — (n + 2)(n + 3)L„ (3.40) 

m<— 2 m>— 1 



fi±ifflit::L/TV^;'cCDt?f *^\-€-txS:ft]-:?Tvyc D. Gaiotto A^'^SH, F. Alday 

(I^V^/c Mathematica yo^'5A?:/-^yn>;^)^bfiU*bTt>(tt;t>*^bTttff bT<J^Si:ffl*Ml-abTvyc(7) 
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(A,l| 



|A,l,m) 



m 19: 2mm^^-^^-^xtitzitUo^: ^Ajno^Y-i/mtmU^^^^u^^tz,^: 



Lo\A,w) ^ A\A,w), Wo\A,w) ^ w\A,w) 



(3.41) 



Tyi|A,u;,A) = A|A,u;,A) (3.42) 



c = 2 + 24(6+ ^)2, A^{b+^y 



aia2 — a^, w — iaia2{ai + 02) 



(3.43) 



tbttoUb.M^fDtzib €1 = 5, €2 = 1/& tb-^hlZ{ai, 02,03) = (01,02,-01-02) ^IXU^U 

^/c.su(2) ®^^T:\y-s>■^Ii^^Itl«^i^^■t^ttm*^1-c^Ux.(^.^i^®^||v^;bJ® 



(A, A| A, A, m) = ^ith o*uTrk (3.44) 



Li|A, A, m) — A|A, A, m)^ ^2! A, A, m) — VXm\A^ A, m)o 



(3.45) 



MiJkMtbX.WN iXm^ryj^y S\J{N) i^m^hm^ Drmfeld-Sokolov 3i7^tV^■5^ 

m^ut9-^tbx N (Dj^m p = {Ni,...,Nk) ^j^sut^^c 

ti)^x^ttoWN fi#(^ p = (A^) ti^om^xti)\ -IS® p izMbx w{s\j{N),p) 



33 



Af^dx^ - diag(a(i), . . . ,a(i),a(2), . . . ,«(2), • • • ,Q^(/c), • • • , Q^(/c))^^6>, (3.46) 

^ V ^ ^ V ' ^ V ' 

ni times n2 times ri]^ times 

^btl.r M©Kac-Moody f>qf(}0^'-eSC:t;i^'^btl-CV^^L;^Cor = ®*i^{i^b(C ei, £2 



^T»H®^Kri(ii!|^Jl20iij®#fSA©mif^.::®J;-5^=c«^§#AT<;^c^^^;^c»$^M 

L;^cV^tmv^^1-, ^^(73tt»{igP^^e^{I7^'J:5^NSF©^'^>hS^ PHY-0969448 
W^F/f® Marvin L. Goldberger membership ;*^b®SS3=S:^tt^ly/Co ^/c. Stliiji^ffiMi 
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